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ABSTRACT

- The Weldon Spring Remedial-Action Project monitoring program.is designed to address
pathways and constituents in a changing waste setting and to further characterize the waste uniis
in order to model their behavior under specific conditions. = Site specific criteria considered in
planning pathway analyses included physical, chemical, and biological characteristics of -the
radionuclides and chemical contaminants detected, spatial distribution, concentrations, depth to
groundwater, peology of the area, climatic conditions, how the area is used by the public and
wildtife, and the proximity of contaminated sites to potential receptors.

Site features receiving surface water will be sampled, and contaminant leveis will be
measured, The migrating surface waters will be sampled along their courses to track their
behavior untif the concentrations are diluted or otherwise rendered indiscernible from
background levels, More intensive work-area monitoring will provide knowledge of real-time
airborne emission levels. Specific locations around the site where there is concentrated human
activity are considered "critical receptor” locations and will receive focused attention. This
characterization, along with the determinations made during subsequent, routine biological and
surface water sampling, will meet the environmental menitoring data needs of the project.

Agricultural products are monitored as part of the characterization of foodstuffs and to

established natural levels of radionuclides. Radionuclides in aquatic ecosystems are monitored
to assess environmental conditions.
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1 INTRODUCTION

The Weldon Spring site is located near Weldon Spring, Missouri, 48 km (30 mi) west
of St. Louis, Missouri. The site consists of an inaetive vranium production facility including
raffinate pits, a chemical plant, an abandoned limestone -quarry, and associated vicinity
ptoperties. These areas contain chemicafly and radiclogically contaminated materials originating
from previous operasions at the site. '

Remediation of the Weldon Spring site is being conducted under the Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA) and as part of the U.S.
Department of Energy Environmental Restoration and Waste Management Program. The
program is known as the Weldon Spring Site Remedia! Action Project (WSSRAP). The major
goals of the WSSRAP are to eliminate potential hazards to the public and the environment, and
to the extent practicable, make surplus real property available for other ases. An environmental
documentation approach has been developed that satisfies the requirements of both the CERCLA,

" _as amended by the: Superfund Amendmenss.and Reauthorization Act-(SARA), and-the National
Environmental Policy Act (NEPA). The result of this process is the Record of Decision .
(Ref. 1) on ultimate disposal of the Weldon Spring site wastes which was issued im .
October 1993,

Department of Energy Order 5400.1, General Environmentai Proteciion Program, .

- requires the preparation of an Environmental Protection Program Implementation Plan at all
Department of Energy sites. The Weldon Spring site Envirommenial Protection Program
Implemensation Plan (EPPIP) (Ref. 2) details the methods by which the WSSRAP will
comply with this order, Because the WSSRAT is a remedial action project, the overall goal is
different from that of the operating and/or production facilities for which Department of Energy
Order 5400.1 was developed. Therefore, the WSSRAP EPPIP meets the intent of Department
of Energy Order 5400.1 while being tailored to the unique aspects of a remedial action project.

. The WSSRAP has prepared this Envirenmenial Monitoring Plan (EMP) to meet the requirements
for Department of Energy environmental -monitoring programs . as specified in-Depai‘umnt_.of
Energy Orders 5400.1 and 5400.5 and the Regulatory Guide for Radiological FEffluent
Monitoring and Environmemal Surveillance (Ref. 3), hereafter - referred o as - the

- - Regulatory Guide.

m:ugarsljcannalsmpdizeat.0l 1
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This environmental monitoring plan is to be reviewed annually and reissued at least every
three years in accordance with Department of Enexgy'{)rdm' 5400.1. . Annual reviews will be
documented and summaries needed for revisions will be transmitted to the Department of Enexgy
along with expected dates of issuance. If during the monitoring year, significant deviations or
alterations to this plan-are necessary, approval by the Department-of-Energy will be obtained.
Any deviations or alterations will also be summarized and documented in the annual site
environmental report for the year of cecurrence.

1.1 Parpose

Department of Energy Order 5400.1 requires the preparation of an environmental
monitoring plan to define the efflvent monitoring and environmental surveillance required to
demonsteate compliance with applicable Federal, State, and local environmental protection laws
and regulations, executive orders, and intemnal Department of Energy pelicies.

. . The purpose of this-plan-is to-detail the environmental monitoring Tequirements. at.the

. Weldon Spring site. Environmental~monitoring -is performed-at this-site-to document..and..
quantify potential public exposure, to protect public health-angd safety and the environment, and
" to demonstrate compliance with applicable legal and regulatory requirements. The monitonng
program also verifies adherence to Department of Energy environmental protection policies and.
supports remedial planning.

1.2 Scope

This plan describes the effluent monitoring and environmental surveillance activities that
will be performed at the Weldon Spring site. These activities include monitoring of surface
waler, proundwater, radon, gamma exposure, air particulates, biological, and meteorological
conditions, The plan also describes applicable monitoring requirements, analytical methods

.implemented to satisfy the requirements of Departmen of Energy Order 5400.1, Order 5400.5,
and the. Régulatory Guide (Ref. 3). -An evaluation of compliance or-noncompliance with each
regulatory guide criteria statement is included in Appendix A of this document. Where criteria
statements are applicable to the WSSRAP, recognition of satisfying the criteria is inciuded in the

m:'l,uaars\jmns‘mmp&d-\.santjm 2
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... textand in Appendix A; where criteria statements are not applicable, justification for exclusion
is only included in Appendix A, :

1.3 Slte History

In April 1941, the Department of the Army acquired 6,974 'ha (17,232 acres). of land,
and the Atlas Powder Company aperated four of its 20 trinitrotoluene (TNT) and dinitrotoluene
(DNT) explosives production Iines there from November 1941 through January 1944 as partof
the facility known as the Weldon Spring Ordnance Works. The remaining 16 production lines
were distributed across an adjacent property which is now referred to as the U.S. Army Reserve
and National Guard Training Area. By 1949, all but approximately 809 ha (2,000 acres) of this
land had been transferred to the State of Missouri (August A. Busch Memorial Conservation
Area and Weldon Spring Conservation Area) and the Umvemty of Missouri (agricultural land).
Except for several small parcels transferre to St. Charles County, the remaining property
became the Army training area. .

‘Through-a Memorandum-of Understanding-between-the- Secretary of the Army-and-the -
General-Manager for the Atomic Energy -Commission (AEC), 83 ha (205 acres) of the. former.
ordnance works were transferred in May 1955 to the AEC for the construction of.the Weldon.
Spring Uranium Feed Material Plant. Considerable explosives decontamination was performed.
by Atlas Powder and the Army prior to construction of the feed materials plant. Unéil 1966,
“‘the feed materials plant was operated as an integrated facility for the conversion of processed
uranium ofe concentrates to pure uzanium trioxide, intermediate compounds, and yranitm metal,
A small amount of thorium was also processed. Wastes generated during these operations were
stored in four maffinate pits on the site.

In 1958 the AEC acquired title to the Weldon Spring Quarry from the Department of the
Army. The quarry was Jocated approximately 5.6 km (3.5 mi) south of the feed materials plant.
. 'The Army had-used it eartier-for disposal-of wastes from the manufacture of TNT.and DNT,

.- - 1942, the-quarry was mined for limestone aggregate used in-construction of the ordnance works.
. The AEC -used the quarry from 1963 to 1962 as a disposal area-for-uranivm-residues. anda swnall
.. amount of thorjum residue.  But most of the material disposed of there-consisted of uranium and
radium-contaminated building rubble and soils from the demolition of a uranium ore processing

musens jpannpatampBdizect. 01 3
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- facility in St. Louis. Other radicactive materials in the quarry include drummed wastes,
uncontained wastes, and contaminated process exuipment,

The Weldon Spring Uranium Feed Material Plant was shut down in 1966, and in 1967
the AEC returned the facility to the Department of the Army for use as a defoliant production
plant to be known as the Weldon Spring Chemical Plant. The Army started removing equipment
and decontaminating several buildings in 1968, but the defoliant project was canceled in 1969
before any process equipment was installed. The Army retained responsibility for the land and
facilities at the chemical plant, but the 20.6 ha (51-acre)-tract encompassing the raffinate pits
was iransferred back to the AEC. From 1969 to 1981, the status of the Weldon Spring site did
not change. The site was placed in caretaker status from 1931 through 1985, when custody of

the chemical plant and ‘quarry were transferred from the Department of the Army to the

Department of Energy. In 1985, the Department of Energy proposed designating control and
decontamination of the chemical plant, raffinate pits, and quarry as a major project.

A Project Matagement Contractor for the WSSRAFP was selected in February 1986. In
- July 1986, a Department ‘of Energy project-office-was established on site, and the-contractox;
MK-Ferguson and Jacobs Engineering Group, Inc., assumed control of the:site on. October-1,
1986. - The quatfy was placed on. the Environmental Protection. Agency. Nation Priorities List
(NPL) in July 1987, The Department of Energy redesignated the site as a-Major .Acquisition
System inn May 1988. The chemical plant and raffinate pits were added to the NPL in March
1989.

Under the CERCLA process, a focused Remedial Investigation/Feasibility Study (RI/FS)-
Environmentzl Assessment was used to document the proposed management of the wastes in the
quarry. Compared o the full-scope of the RI/FS, the focused RI/FS was appropriate for the
bulk wastes since removal will decrease the threat of release of contaminants and is consistent
with a permanent remedy for the entire sife (Ref, 4). The NEPA/CERCLA environmental
documentation process for the quarry bulk wastes is complete and remedial activities began.in
(1991, The first load of waste was-removed from the quarry- in the summer of 1993. .

Remedial investigations were conducted at the chemical plant/raffinate pits area in 1988
. and 1989 under the CERCLA RI/FS process. These investigations included characterization. of
the groundwater; on-site soil contamination; contaminated sediments in off-site surface drainages,
lakes, surface water, and springs; and chemical and radiological contaminants in the raffinate

miusarsijcannotemp? Hanct.01 4
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. wastes. The results of each of these investigations have been published in the Remedial
Invessigation Report for the Chemical Plant Area of the Weldon Spring Site (Ref, 5). The
Record of Deciston (Ref. 1) wilt mark the selection of the finai remediation and dispesal method
furthﬂchemmalplantandhulkw&smfnrﬂmquarr}r The Record af Decision is ﬁxpecwdm :
be issued in ﬂclﬂhm‘ 1993.

Several smatl interim response actions have been conducted at the WSSRAP, Intetim
response actions are activities that will not change the ultimate disposal method but have been
conducted to Tmitigate or eliminate conditions that pose immediate or potential thredts to worker
safety, public-health, or the envitonment (Ref. 6}, These actions have included removal
of exposed friable asbestos, overhead piping, PCB electrical equipment, power poles and wires,
demolition of nenprocess buildings, isolation of Ash Pond, and consolidation of containerized

m:iugersjeannsiompddiseat.0l 5
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2 OBJECTIVES AND RATIONALE

The goal of the Weldon Spring Site Remedial Action Project (WSSRAP) is o protect and
enhance the environment while protecting the public during remedial activities, The action
consists of safely disposing of hazardous and radiclogical wastes that resulted from the operation
of the Weldon Spring Uranium Feed Materials Plant and the Weldon Spring Ordnance Works.
Within the overall project mission, the environmental protection program focuses on the
operational activities of the project. ' ’

The WSSRAP abjectives for the environmental protection program are as follows:

» To assess compliance with applicable environmental quality standards and public
exposure Limits.

¢ To measure background levels and site specific compound levels.
" To measure the effectiveness of effluent treatment and controls. T e i
s Top assess the validity and effectiveness of exposure models. C

¢ To measure the long term buildup and assess environmental trends from site-released
contaminants,

e To detect and guantify. unplanned releases.

“This Environmental Monitoring Plan describes the rationale and design criteria for the
monitoring program; designates the extent and frequency of monitoring and measyremens,
outlines procedures for laboratary analyses, quality assurance requirements, and Program

© -jmplementation procedures; .and. preparation and disposition of related repoits. .

In case of deviations from this plan, either intentionally or because of circumstances

. outside the controt of the Project Management Contractor,- concurrence-will-be .obtained_from

the U..S.. Depattment of Energy. Fxamples include reductions-of sampling frequency,

elimination of sampling locations, elimination of analyzed parameters, or use of less stxingent
analytical methods.
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The WSSRAP environmental protection program is separated into two distinet fuactions:
(1) effluent monitering, and (2} environmental surveillance, Effluent monitoring assesses the
quantities of substances in migration pathways from the site at its perimeter,: or in pathways
subject to compliance with applicable regulations (e.g., National- Emissions Standards for
Hazardous Air Pollutants [NESHAPs]) or permit levels and requirements (¢.g., the National
Pollution Discharge Elimination System {NPDES]). The environmental surveillance program
generally reviews environmental media within or outside the site boundary for the presence and
concentration of site contaminants fo detect and/or track the migration of those contaminants.
Surveillance data are used to assess the presence and magnitude of any radiological or
toxicological exposures to members of the public, or to- assess the effects, if any, on the locat
environment.

The Weldon Spring site has maintained a relatively stable configuration of its wasie
products since cessation of plant operation and decontamination of some process buildings in the
early 1970s. Itis believed that this stability has allowed the site to achieve a rough eguilibrium

. regarding the migration-of contaminants from the site. - Since the chemical plant and quarry are

' presently under active remediation, the nature-of the waste units-and their physical positions.and.
chemical states are subject to disturbance. The monitoring program for 1994 has been designed
to address pathways and constituents in & changing waste setting and-to further characterize the-.
waste units in order to model their behavior under specific conditions.

The Department of Energy has defined generic performance criteria which their
operations offices must use in developing their programs. The WSSRAP environmental
protection program has incorporated these criteria into its monitoring program. The obijective
of the WSSRAP environmental monitoring program is to generate data needed to achieve
regulatory compliance and assess the impact of contaminants on the public and environment.
Therefore, a program must be developed 10 assess visble environmental pathways. The program
in this plan defines a minimum scheme of data points to be collected in order to evaluate
whether environmenta! conditions are changing, and whether site-related contaminants. or
activities are impacting public health or - the environment. - Where additional data points or
density is required to verify trends or more closely evaluate environmental conditions, additional

.. samples may-be collected thet are not defined in the-plan. ~Those samples will be-collected 1o
serve the objectives of the environmental monitoring program at the Weldon Spring site and will
be consistent with the guidelines of the DOE 5400 Orders. The following section describes the
pathiway analysis performed by the WSSRAF to arrive at the monitoring program.

m\uasrsijcsnnelampddieaat.0l 7
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2.1 Pathway Analysis

To evaluate the patential impact on human or ecological Teceptors of activities at the
Weldon Spring site, it is necessary to conduct a pathway analysis, Exposure pathways are
identified considering the source, mechanisms of release, type and Jocation of contaminants.at
the site, and the probable environmental fate (persistence, partitioning, transport, and intermedia
transfer) of these contaminants and the location and activities of potentially exposed receptors. ~
Table 2-1 identiftes the matrix of factors considered in the exposure pathway screening process.
The primary objective of the pathway analysis is to identify complete pathways and give
reasonable assumptions about future conditions. An exposure pathway is considered complete
if a linkage can be shown between one or more contaminant sources, through one or mere
environmental transport processes, 1o an exposure point where human or ecological receptors
are present. Identification of potentially complete pathways is 2 qualitative judgement,
- Procedures vsed are intended to be conservative. Identification of a complete pathway does not
necessarily indicate that adverse effects will occur; it indicates that the effort to monitor releases
g worthwhile from-the standpoint.of protecting human health and the environment.. . .vu

- 2.2  Monitoring Program Rationale

The critical pathway analyses (radionuclide and media) conducted for the WSSRAF

inctuded both the Weldon Spring Quarry and the Weldon Spring Chemical Plant and raffinate

" pits, and are presented in-Table-2-2. These analyses were based on data developed during R

‘various characterization and monitoring studies, and from site specific criteria, site specific |
assumptions, and the matrix of potential exposure routes.

Site specific criteria considered in pathway analyses included physical, chemical, and
biological characteristics of the radionuclides and chemical contaminants detected, spatial
-disiribution, concentration, depth to groundwater, geology of the area, climatic conditions, how

- the area is used by the public and wildlife, and the proximity of contaminated sites (o potential
receptors.

-Bite specific-assumptions -were as follows:

Off-site residents have limited access to the contaminant spurce areas.
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.TABLE 2-1 Potential Exposure Route Matrix

Affeoted Environmantal Madia

Compenent of Expokure Aggsgamant - )

Ajr

Ground water
Surface Water
Sediment
Surface Saoll
Subsurface Soil
Adguatio Biota

Tearraatial Biota

Factors to be Tonsidarsd . j

PR L R T T
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Cuﬁtminant Trangport Pathway

Alsborna transpory
Graupdwatsr migration
Surfaca watar runcff

Sedimant transprort

inflitration
Parcalation

Eurface soil 2rokion

Transpart af aguatic biets
Terrastrial biote migration

| Maohanism of Releage Affacted Medinm

Air

‘Groundwater

Surfacs watsr

-Parcotatdon, migmton, Josing . ..

Yolatilizetinr, fugitve dusk
mninglons, gas emiseiomnms.

BAraama.

Surfaoce runoff, groundwatar
discharge, partitionbig with
sedimant.

Sadirnent - Sadiment transport in surfece
ruraff, fugitive dust, partitloring
with surface watsr.

Surfaco sail - 'Fugitive dust manspurtfdaposition,
surface runoff, aurfase disunizence.

Subsurface soil - Leaching, partitiening with .
groured water.

Aquaiio biota -+ Direet contact, ingagtien,

Terrasteial blota - Direet contact, {hgastion.

Cutrant and future receptors Human - Dne-site workars, off-sita warkers,
off-aite repidential, racreational.

Ecotogioal - On-site aguatia, off-site squatic,
on-slta terrestrial, off-ukte terreairial.

Environmantal - Physicochemicat cenditdons of
anvirornantal media.

Routes of axposurs by medium Adir ~ tnhalatien, wmmarson

Ground watar - [ngeation, demal contect

Surfaca water - ingestion, demnal oontact

Sadimant - |ngeation, demmal contact

Surface Soil - «  [ngestion,. dermel cantact

Subsurface goil - .ingeation, dermal contsot

Elota - Ingastion, dawnal contaot

miusereljosnnoiemp2 et 02
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. TABLE 2-2 Exposure Scenarios Selected for Monitoring

11284

Qff-plta Residents

Exposure Scenurs

ingestion of smafl game animals in

aontast with conteminant sGores .

Fathwaey
Seleciad for
Wonitoring

Ingeation ¢f small game aninwls by
reaidants la essumad ax low dus to
large buffer zene of wikilifs area.

thgaztion of groundwater from
wall dewngradlant frem gite
apurcon.

-Potsptlal usa of grourndwater ac a

sourca for deinicing warer by
rasldants,

wagetatlan.

substantinf uptsics ar rlsk.

nhalatlon of partoulates disparasd Yas Potantial inhalsticn of aubome
through wind ercaion and rarmedial particulates by naarby realdents.
actiane.
Dermal contact with alrboms and No Dermal contsct with radiclegioally
deposited particulatax impacted particulatas is not
considarsd a substantial sxpeaurs
mechaniam.
! Ingerticn of eurfacs watar andfor Yoe Potential for ingastion dus to
: sodiment. racrastional scthvity In off-site
d impactad watars.
Wildlife Area Inhafatian ui'.pnrunulates dispersed - Yos Potential inhalatlon of sirborna . . _
Visitara through wind erosioh and remadial partioulates by wildlifs aras visitors.
acton.
Ingestion of gems and fish Yeag - Potantiel ingeation of game and figh
inhabiting wildlifa sraa, inhabiting wHdlife araa colambed
during hunting season.

: ingastion of surface watar and Yeu Potential expowurs through ingestion
contact with-ssdiments while af, or comtect with, surfaces watar in
gwirmmiag or wading. wildlifs areas.

Dermal contact with sirborme and N Darmal cantaat with radiologioaty
-dapsaitad particulates. impacted partioutates ia nel
oonsidersd a subatental sxposure
mechanism. ’
Tarrectrial Blota Ingeetinn of surfaca water, Nao Pravioue etudiss have indicated no
[on alta) sadiments, of vagstatcn, or substential uptake or risk.
o inhalwtlon cf alr particulates.
Tarrasttisl Blota Ingostion of gurface wnter, No “Frevious studias have ingdlested no
(off site} geditnents, or vegataton, or . subgtontlal uptake or gk,
inhalution of afr partioulates.
Aguatio Bicta Uptake of surface water and W Previous etudise have indicated Ro
{on sital contact with sadimants. substantinl optaka or fisk.
. ‘Ingasticn of Invertsbrates and - Na Previous studine have indicated no
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TABLE 2-2 Exposure Scenarios Selected for Monitering {Continued)

Pathwey
Salactad For
E:q:maurt Saahm ] Munltodng

Ligtake of yurface watse and | Potential human consumption of
contact with asdimants. game figh in contact with surface
woater and sadinents.

Ingastion of wartebrateg and Potential human consumption of
gama fish which ingest Imrtebrates
and wuatatmn

* Access of off-site large game animals to contaminant souzce areas is limited by
perimeter fencing.

¢ Prolonged or year round use of on-site water bodies by waterfowl is limited.
- Frequency and durstion of wildlife area visits per individual is low (Ref. 7).
+ Consumption of game animals and fish per individual averaged over & year is low. .
The monitoring programs described in the following subsections were designed with,
specific kmowledge of the active pathways and the pathway analyses performed. Each mediaz
- specific monitoring and:anatysis program follows a general rationale. _ oy
2,2.1 Surface Water
Surface water is influenced by three general mechanisms, It is impacted by:
¢ Water that flows from the site and carries with it site-source contaminants, Smail-
quantities of water migrate from the site on a regular basis due 10 human influenced
activities such as discharge of treated effluent from the administration building. -

« . Contaminants resuspended from sediments on site-and in stream channels.

*» Discharge of contaminated groundwater to surface water receptors from springs in the
area.
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Site features receiving surface water are sampled and contaminant levels are measured.
The migrating surface waters are subsequently sampled along their courses to track their
behavior untl the concentrations are diluted or otherwise Tefidered -indiscernible from
background levels, | |

2.2.2 Groundwater

The hydrology and hydrogeology of the Weldon Spring site have been extensively
studied, and separate regimes have been identified for the chemical plant and raffinate pits and
the quarry based on spatial separation and differing geology. The present conceptual model of
the hydrogeologic regime at the chemical plant and raffinate pits incorporates the activity of
diffuse flow through the fractured limestone and the influence of discrete groundwater movement
through solution enlarged fractures and conduits. Monitoring wells are used to monitor the
influence of sile contaminants on ihe groundwater. Converging conduits transport diffuse flow
to discrete flow, and then to the springs previousty mentioned. Appropriate monitoring of the
resurging water at those springs monitors the secondary mechanism of groundwater movement
from the site. '

The present conceptual model of the hydrogeologic Tegime for the'WeldorrSpring-Quarry:
incorporates the fractured flow described above and flow through the porous media of the
Missouri River alluvium. Monitoring wells are used to menitor the influence of the site
- contaminants on the bedrock adjacent to the quarry and alluvial groundwater. B

2.2.3 Air and Atmospheric Migration
Air pathway and atmospheric migration of contaminants and radiation constitute a broad

set of exposure pathways. Characterization studies indicate that the only significant sources of
airbome contamination from site-related wastes lie within the boundaries of the chemical plant

- .-and raffinate pits and quarry. As.remedial activities begin to disturb source-areas, the-potential

.- for -increased airborne emissions.will:increase. - - More-intensive site-specific .and. work-area
" monitoring will provide knowledge of real-time airborne emission levels,

Airborne particulates, radionuclides, and atmospheric radiation released from both. the

chemical plant and quarry source areas must pass the facility boundaries before migrating to
u